One of the most striking facts about the elements is their unequal distribution and occurrence in nature.
organelles has been challenging, owing to the inexact nature of available techniques. Endoplasmic reticulum calcium concentration is estimated to be between 250 and 600 M (3), while mitochondrial free calcium concentration is about 100 nM (7) . Nuclear free calcium is estimated to be approximately 100 nM (1) . Each of these examples represents estimates of basal free calcium, yet the organelle and cytosolic calcium concentrations are not fixed, and they can change abruptly.
Calcium within the endoplasmic reticulum lumen is mobilized by inositol 1,4,5-trisphosphate (InsP 3 ) (2). InsP 3 binding to its receptor on the endoplasmic reticulum membrane causes opening of the receptor channel, resulting in calcium release from the organelle into the cytosol. Calcium release from the endoplasmic reticulum transiently "depletes" free calcium in the lumen and increases free calcium in the cytosol. The cytosolic calcium response is short-lived, lasting only tens of seconds in nonexcitable cells before it is recaptured out of the cytosol and into the endoplasmic reticulum. An intimate association between the endoplasmic reticulum and mitochondria allows for privileged calcium uptake, where calcium released through the InsP 3 receptor can enter the mitochondria through a calcium uniporter (and potentially other channels) (10) . InsP 3 receptors are also found on the nucleoplasmic reticulum surface, which is continuous with the endoplasmic reticulum and nuclear envelope (4, 6) . These calcium signals do not appear to be generated merely from fluctuations in cytosolic calcium; the nucleoplasmic reticulum calcium signals may be generated by InsP 3 receptor-mediated release directly into the nucleoplasm and localized subnuclear regions, or by diffusion from other calcium sources through nuclear pores (4, 6) . How much of the calcium that is released through the InsP 3 receptor reaches the mitochondria and/or nucleus, and the fate of this calcium, remains incompletely understood.
Depletion of stored calcium by InsP 3 results in opening of plasmalemmal calcium channels that allows for calcium influx into the cell (i.e., store-operated calcium entry; see Refs. 8, 9). Diffusion of free calcium is then restricted by buffering, by physical barriers, and by sequestration/extrusion mechanisms (2) . Because of this diffusion limitation, elevations in calcium concentration are greater in the immediate vicinity of the channel pore as compared with the bulk cytosol. Many different theoretical and experimental models have been used to calculate the size and duration of calcium microdomains; however, precise measurement is still a technological chal-lenge. Numerical simulations based on optical single-channel recording by Shuai and Parker (11) determined that the calcium concentration at the mouth of a channel exceeds 15 M, more than 150 times greater than basal cytosolic levels. They further established that the microdomain does not extend beyond 200 nm and collapses rapidly within a few milliseconds of channel closure. Exactly how much calcium escapes the microdomain, and how far it reaches within the cell, remain unanswered questions.
Here, Subedi et al. develop new technology that allows improved accuracy for measurement of free calcium at the plasma membrane, in the bulk cytosol, and in the nucleoplasm. Their studies relied on use of a genetically encoded cameleon, adapted to contain plasma membrane (Lyn) and nucleoplasm (nuclear localization sequence) targeting sequences. Careful calibration within each compartment enabled accurate time and concentration measurements. The G q agonists endothelin-1 and angiotensin II elicited calcium signals most prominently at the plasma membrane domain, with relatively little calcium reaching the nucleoplasm (Fig. 1) . In stark contrast, platelet-derived growth factor induced a calcium response of similar magnitude in both plasma membrane and nuclear compartments. These data vet the use of probes that enable accurate measurement of highly compartmentalized calcium signals and demonstrate the distinct signals that arise in response to different modes of environmental stimuli. This lays the groundwork for significant future progress, where investigators can begin to map the fate of calcium signals that move between subcellular compartments. Subcellular calcium transitions can be mapped alongside important physiological readouts, ultimately pairing calcium signals and protein effectors with temporal and geographic precision. Perhaps such insight will provide answers as to why one signal, such as endothelin-1, primarily promotes contraction, while another signal, such as platelet-derived growth factor, principally induces cell growth.
